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Occupational Exposure to Pesticides
and Pancreatic Cancer
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Background An increased risk of exposure to pesticides for pancreatic cancer has been
suggested in a number of epidemiologic studies.

Methods Cases (N =484), aged 30-79 years, were diagnosed in 1986—1989. Controls
(N=2,095) were a random sample of the general population. Information on usual
occupation and potential confounding factors was obtained. A job-exposure matrix
(JEM) approach was used to estimate the level of occupational exposure to pesticides.
Results A significant trend in risk with increasing exposure level of pesticides was
observed, with ORs of 1.3 and 1.4 for low and moderate/high exposure levels,
respectively. Excess risks were found for occupational exposure to fungicides (OR = 1.5)
and herbicides (OR = 1.6) in the moderate/high level after adjustment for potential
confounding factors. An increased risk for insecticide exposure was disappeared after
adjustment for fungicide and herbicide exposures. Results of our occupation-based
analysis were consistent with those from the JEM-based analysis.

Conclusions Our results suggest that pesticides may increase risk of pancreatic cancer,
and indicate the need for investigations that can evaluate risk by specific chemical
exposures. Am. J. Ind. Med. 39:92-99, 2001.  Published 2001 Wiley-Liss, Inc.}
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Some pesticides have been found to be carcinogenic in
laboratory animals [Blair et al., 1990; Dich et al., 1997;
Zahm et al., 1997]. In addition, excess risks for several
human cancers have been observed in numerous epidemio-
logical studies among farmers [Blair et al., 1992] and other
occupational groups potentially exposed to pesticides
[Zahm et al., 1997]. Based on these findings, IARC listed
more than 20 insecticides, fungicides, and herbicides as
probable or possible human carcinogens [IARC, 1991].



Although two recent case—control studies of pancreatic
cancer have indicated an increased risk associated with
occupational pesticide exposure [Garabrant et al., 1992;
Fryzek et al, 1997], the evidence linking pesticide
exposures to the etiology of pancreatic cancer is limited.
To examine associations of occupational exposure to pesti-
cides (e.g., insecticides, fungicides, and herbicides) with
pancreatic cancer risk, we conducted an analysis of data
from a population-based case—control study among US
whites and blacks.

MATERIALS AND METHODS

We conducted a population-based case—control study
of four malignant tumors that occur excessively in blacks
(i.e., cancers of the pancreas, prostate, and esophagus and
multiple myeloma) in three areas of the US. One general
population control group was the source of controls for all
four types of cancer. The current analysis was restricted to
the carcinoma of the pancreas. Methods for this population-
based case—control study have been described in detail
elsewhere [Silverman et al., 1994, 1999]. Briefly, we
included all cases with pancreatic cancer (ICD9 = 157) that
were first diagnosed from August 1986 through April 1989
among 30-79-year-old residents of geographic areas
covered by population-based cancer registries located in
Atlanta (DeKalb and Fulton counties), Detroit (Macomb,
Oakland, and Wayne counties), and New Jersey (10
counties). Most cases (85%) were diagnosed by tissue
confirmation. An in-depth medical chart review was
conducted to determine the accuracy of diagnosis of all
cases, and 5.5% of them were excluded because they were
found to be “unlikely” to have had pancreatic cancer. Since
pancreatic cancer is a rapidly fatal disease, 471 of 1,153
patients initially identified for study died before the
interview could be conducted. Of the 682 living cases
identified for study, 526 (77%) were interviewed. A total of
41 interviewed cases were excluded from analysis because
of an unlikely diagnosis of pancreatic cancer (16 cases), the
presence of islet cell carcinoma (10 cases), no medical
record available or an unsatisfactory interview (7 cases), and
data unascertained for analysis (8 cases). Thus, 485 pan-
creatic cancer cases were included in the final analysis.

Controls were a stratified random sample of the general
population of the study areas, frequency matched to the
expected age—race—gender distribution of cases of the four
types of cancer combined in each study area. Controls aged
30-64 years old were selected by random-digit dialing
[Waksberg, 1978]. Of the 17,746 households telephoned,
86% provided a household census that served as the samp-
ling frame for selection of controls under age 65 years. Of
the 1,568 younger controls identified, 1,227 (78%) were
interviewed. Controls aged 65-79 years were a stratified
random sample drawn from the Health Care Financing

Pesticides and Pancreatic Cancer 93

Administration rosters of the population age 65 or older in
each study area. Of the 1,232 older controls selected, 926
(75%) were interviewed. Of the interviewed controls, 44
controls were excluded from analysis because of an
unsatisfactory interview (7 controls) and data unascertained
for analysis (37 controls). Thus, 2,109 controls were inclu-
ded in the final analysis.

Most subjects were interviewed in person at home. The
questionnaire was used to obtain information on usual
occupation/industry, as well as smoking habits, alcohol
consumption, coffee and tea drinking, nutritional/dietary
factors, medical conditions/interventions, family history of
cancer, and socioeconomic status. Information on usual
occupation and industry were coded according to the stand-
ard occupational classification (SOC) [U.S. Department of
Commerce, 1980] and the standard industrial classification
(SIC) [Executive Office of the President, 1972]. Results for
all two-digit occupation groups are presented.

To assess occupational exposure to the three major
groups of pesticides, i.e., insecticides, fungicides, and her-
bicides, we used a job exposure matrix (JEM) approach. The
JEM for each class of pesticide was developed by an indus-
trial hygienist (PAS). The JEM was based on an extensive
review of the literature to identify where pesticides were
used and what exposure levels have been measured. Based
on this review, the level of exposure to each of the three
pesticide classes was estimated for each study subject. The
level of exposure on a 0—3 scale (0 = non-exposed; 1 = low
level; 2-3 = moderate/high level of exposure) was assigned
to the usual occupation of each subject. Selected occupa-
tions are shown in the Table I as samples for JEM scoring.

Odds ratios and 95% confidence intervals (CIs) for the
pesticide and occupation group analyses were estimated by
unconditional logistic regression analysis [Breslow and
Day, 1980]. Race-specific ORs were adjusted for age at
diagnosis (cases) or interview (controls), gender, study area,
cigarette smoking, alcohol consumption, exposure to other
pesticides, and income. Overall ORs also included adjust-
ment for race. The specific effect of each pesticide class was
also estimated with excluding subjects exposed to the other
two classes of pesticides. A trend test for pesticide exposure
level was performed by entering the exposure score as a
continuous variable in the logistic regression model.

RESULTS

Table II shows risk of pancreatic cancer associated with
occupational exposure to any pesticides and to the major
classes of pesticides: insecticides, fungicides, and herbi-
cides. An increased risk was associated with any occupa-
tional pesticide exposure, with ORs of 1.3 (95% CI = 1.0
1.7) and 1.4 (95% CI=1.0-2.0) for levels of low and
moderate/high exposure, respectively, when compared to
the risk among subjects whose usual occupation did not
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TABLEI. JEM Scores for Selected Occupations

JEM scores (1-3)

SO0C Joh description Insecticides  Fungicides  Herbicides
5211 Supervisors, food and beverage preparation 1

5216 Food counter, fountain and related occupations 1

5342 Maids and housemen 1

5244 Janitors and cleaners 1

5512 General farmers 3 3
5513 Crop, vegetable, fruit and tree nut farmers 3 2 3
5612 General farm workers 3 3
5613 Field crop and vegetable farm workers 3 3
5621 Supervisors; related agricultural workers 3 2
5622 Ground keepers and gardeners 2 2
6910 Water and sewage treatment plant operators 2

7658 Laundering and dry cleaning machine operators and tenders 2

7659 Textile machine operators and tenders 2 2

7664 Mixing and blending machine operators and tenders 3 3
7714 Welders and cutters 2 2

TABLE Il. 0Odds Ratios for Pancreatic Cancer According to Level of Exposure to Insecticides, Fungicides, and Herbicides By Race

Total White Black

Level of
exposure to No. of No. of No.of  No.of No. of No. of
pesticides (JEM) cases Controls op™ (95%Cl) cases Controls OR" (95%Cl) Cases  Controls OR' (95%Cl)

Any pesticide

Non-exposed 293 1370 10 205 844 10 88 526 10

Low 139 545 13 (1.0-17) 73 226 14 (10-19) 66 319 11 (0.7-15)
Moderate/high 52 180 14 (1.0-20) 29 79 14 (09-23) 23 101 12 (07-21)
(Pfor trend) 001 005 0.50
Insecticides®

Non-exposed 376 1653 10 256 1000 10 120 653 10

Low 45 201 0.5 (0.3-09) 19 49 09 (04-19) 26 152 03  (01-07)
Moderate/high 10 27 10 (04-25) 4 12 06 (02-29) 6 15 12 (04-39)
Fungicides®

Non-exposed 332 1545 10 227 914 10 105 631 10

Low 137 488 15 (11-19)

Moderate/high ) 8 15 (0.3—7.6)} 74 212 14 (10-19) 65 284 15 (10-23)
Herbicides®

Non-exposed 439 1908 10 289 1089 10 150 819 10

Low 14 40 15 (0.8-3.) 9 19 17 (07-42) 5 21 12 (04-35)
Moderate/high 10 29 16 0.7-34) 6 14 13 (05-37) 4 15 25 (07-82)

*0Rs were adjusted for age at diagnosis/interview, study area, gender, cigarette smoking, income and alcohol consumption.
®ORs were also adjusted for race.
“ORs for theindividual pesticides were also adjusted for the other two pesticide classes.



entail pesticide exposure. The exposure-response trend for
any pesticide exposure was statistically significant (P for
trend =0.01). Initially, risks for insecticide exposure were
1.0 95% CI=0.7-1.4) and 1.9 (95% CI=0.9-4.1) for
subjects with low and moderate/high exposures, respec-
tively (data not shown). However, after adjustment for
fungicides and herbicides, increased risks for insecticides
were no longer apparent (Table II). In contrast, ORs for
fungicides and herbicides were not substantially altered
after adjustment for insecticides and other classes of pesti-
cides. The adjusted ORs for fungicides were 1.5 (95%
CI=1.1-1.9) and 1.5 (95% CI=0.3-7.6) for low and
moderate/high exposures, respectively, but the number of
subjects in the moderate/high exposure category was small.
Risks for herbicides were 1.5 (95% CI =0.8-3.1) and 1.6
(95% CI =0.7-3.4) among subjects with low and moderate/
high exposures, respectively. No significant exposure-res-
ponse gradient, however, was observed for fungicides and
herbicides. Risk for pesticide exposure tended to be similar
for blacks and whites, although a higher risk was observed
for subjects with moderate/high exposure to herbicides
among blacks (OR =2.5) compared to whites (OR =1.3).
However, this difference based on small numbers of subjects
was not statistically significant.

Since subjects who were exposed to insecticides also
had a high probability of exposure to fungicides and/or
herbicides (among controls the correlation coefficient
(r)=0.44 between insecticides and fungicides, and
r=0.54 between insecticides and herbicides), further analy-
ses were conducted to evaluate independent effects of each
type of pesticide. No increased risk for pancreatic cancer
was observed for insecticide exposure (OR =0.5, 95%
CI=0.1-1.8) in those who were unlikely to have been
occupationally exposed to fungicides and herbicides. In
contrast, the excess risks from fungicide and herbicide ex-
posures were not materially changed among those who were
never occupationally exposed to insecticides (data not
shown). Since exposures to fungicides may come from
both agricultural and non-agricultural occupations, risks
were examined by these two categories. No significant diff-
erences in risk were observed for fungicides exposure
among agricultural (OR = 1.4, 95% CI =0.7-2.7) and non-
agricultural (OR =1.5, 95% CI=1.1-1.9) workers (data
not shown). No dose-response trends were found with ex-
posure duration (number of years worked at occupation with
potential exposure), but a 50% excess was found among
those who worked in an occupation with potential exposure
to pesticides for more than 40 years (data not shown).

Risks for pancreatic cancer associated with usual
occupation are presented in Table II. Non-significant
increased risks were observed among subjects who were
employed as farm operators and managers (OR =2.2, 95%
CI=0.5-9.4), including crop, vegetable, fruit or tree nut
farmers (OR =2.5, 95% CI=0.4-16.3) and in other
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agricultural and related occupations (OR =1.7, CI=0.5-
5.3), including farm/ground keepers and supervisors
(OR=20, 95% CI=0.5-7.5). The associations were
stronger among blacks than whites. For example, ORs for
farm operators and managers were 9.2 (95% CI = 1.2-72.3)
among blacks and 0.8 (95% CI =0.1-7.3) among whites,
and for crop, vegetable, fruit and tree nut farmers ORs were
6.1 (95% CI=0.4-105) among blacks and 1.3 95%
CI=0.1-14.8) among whites, but the number of exposed
subjects in either race was small (data not shown). Elevated
risks of pancreatic cancer were also seen for workers in the
following occupations with possible exposure to insecti-
cides and fungicides: food counter, fountain and related
workers (OR = 1.7, 95% CI = 0.3-10.8); beverage prepara-
tion and service workers (OR = 1.2, 95% CI=0.7-2.5);
miscellaneous food and beverage workers (OR =2.9, 95%
CI=0.5-16.1); cleaning and building service occupations
(OR =14, 95% CI=0.8-2.6); and janitors and cleaners
(OR=1.5,95% CI=0.8-3.0) (data not shown).

Also shown in Table Il are increased risks of pancreatic
cancer for occupations where pesticide exposure was unli-
kely. Increased risks were associated with employment
as pharmacists, dietitians, and therapists (OR = 7.1, 95%
CI=1.8-27.5); licensed practical nurses (OR =2.9, 95%
CI=1.0-8.5); engineering and related technologists and
technicians (OR = 1.3, 95% CI = 0.4-4.0) (including elec-
trical and electronic engineering technologists and techni-
cians (OR =24, 95% CI=0.6-10.2)); mechanics and
repairers (OR =14, 95% CI=0.9-2.3) (including elec-
trical repairers, commercial and industrial equipment
workers (OR = 1.9, 95% CI =0.5-7.6)); and plant (mainly
power plant) and system operators (OR =6.1, 95%
CI=1.1-33.9). Decreased risks were observed among
officials and administrators (OR = 0.5, 95% CI =0.3-0.9),
management related occupations (OR =0.7,95% CI = 0.3~
1.5), and private households occupations (OR = 0.7, 95%
CI=0.3-1.5). Racial comparisons in risk by occupational
category were severely hampered by small numbers of ex-
posed subjects.

DISCUSSION

In this case—control study, we observed modest,
marginally significantly increased risks for occupational
exposure to pesticides. When risks were estimated by
specific types of pesticides, elevated risks were apparent for
fungicides and herbicides, but not for insecticides.

In 1992, Garabrant et al. [1992] reported a strong
association between pancreatic cancer and occupational
exposure to DDT (1,1,1-trichloro-2,2-bis (4-chlorophenyl)
ethane) (OR =4.8, 95% CI=1.3-17.6), DDD (1,1-dich-
loro-2,2-bis(4-chlorophenyl)-ethane) (OR =4.3, 95% CI =
1.5-12.4), and ethylan (1,1-dichloro-2,2-bis(4-methoxy-
phenyl)ethane) (OR =5.0, 95% CI=1.4-18.2) in a nested
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TABLE l1l. Odds Ratios for Pancreatic Cancer According to Usual Occupation

Occupation (two-digit SOC codes) No.of Cases No. of Controls (]9 (95% Cl)
Officials and administrators (11,12, 13) 1 14 05 (0.3-09)
Supervisors and administrative support occupations (45, 46, 47) 77 228 12 (0.9-16)
Management related occupations (14) 8 57 07 (0.3-15)
Sales and marketing occupations (incl. insurance, security, and real estate) (40, 41,42, 43) 30 150 09 (0.6-13)
Computer, mathematical, and operation research occupation (17) 1 15 04 (01-29)
Lawyers and judges (21) 2 8 19 (04-94)
Teachers, except postsecondary institute (23) 12 70 08 (04-16)
Private households occupations (50) 10 55 07 (0.4-15)
Protective service occupations (51) 7 28 12 (0.5-29)
Service occupations, except private household and protective service occupations (52) 50 182 12 (0.8-18)
Pharmacists, dietitians, and therapists (30) 5 4 71 (1.8-27.5)
Health technologists and technicians (36) 7 17 17 (0.7-4.3)
Farm operators and managers (55) 3 6 22 (0.5-94)
Other agricultural and refated occupations (56) 4 14 17 (0.5-5.3)
Engineer, surveyors, and architects (16) 8 38 14 (06-3.2)
Engineering and related technologists and technicians (37) 4 17 13 (04-4.0)
Technicians, except health, engineering and science (39) 3 8 16 (04-64)
Mechanics and repairers (60, 61) 25 98 14 (09-2.3)
Construction trades (64) 19 73 12 0.7-21)
Precision production occupations (67, 68) 20 85 10 (06-17)
Plantand system operators (69) 3 3 6.1 (11-339)
Production occupations (71) 6 36 09 (0.4-21)
Machine operators and tenders (76) 36 155 09 (06-14)
Fabricators, assemblers, and hand working occupations (77) 13 76 08 0.4-2.7)
Production inspectors, checkers and examiners (78) 7 26 12 (05-28)
Transportation occupations (82) 19 115 08 (0.5~-14)
Material moving occupations (83) 1 4 16 (0.8-33)
Handlers, equipment cleaners and laborers (87) 13 66 09 (0.5-16)

“ORs were relative to a risk of 1.0 for subjects whose usual occupation was not the specified occupationand wereadjusted for age at diagnosis/interview, study area, gender, cigarette smoking, income,

alcohol consumption, and race.

case—control study in a cohort of chemical manufacturing
workers. Only 28 pancreatic cancer cases were identified in
that study. However, a recent population-based case—control
study based on 66 pancreatic cancer cases was conducted to
further examine these associations [Fryzek et al., 1997].
Results suggested that self-reported exposures to ethylan,
DDT and overall organochlorine pesticides were associated
with an excess risk for pancreatic cancer, although estimates
of risk were based on small numbers. In another nested
case—control study, a significant 70% increased risk was
reported for pancreatic cancer among subjects with ex-
posure to insect or plant sprays 1 year before the interview
[Friedman and van Den Eeden, 1993]. An excess risk of
high serum level of DDE was diminished after adjustment
for PCBs, although a significantly increased risk was asso-
ciated with serum levels of polycholorinated biphenyls
(PCBs) in a most recent case—control study [Hoppin et al.,
2000]. A recent cohort study in the US found that aerial

pesticide applicators had a significant excess mortality from
pancreatic cancer (rate ratio =2.7,95% CI = 1.4-5.3) when
compared to flight instructors [Cantor and Silberman, 1999].
Several occupational studies have reported excess risks of
pancreatic cancer among workers handling pesticides [Blair
et al., 1993; Kauppinen et al., 1995], licensed agricultural
pesticide users [Forastiere et al., 1993], gardeners [Partanen
et al, 1994], nurserymen [Miltham, 1997], yard-trash
workers [Schwartz et al., 1998], flour mill workers
[Alavanja et al, 1990], and comn wet-milling workers
[Thomas et al., 1985]. However, excess risks were not
observed in other studies of pesticide applicators or workers
[Wong et al., 1984; Coggon et al., 1986; Wiklund et al.,
1989; Brown, 1992] or among farmers or agricultural
workers [Wiklund and Holm, 1986; Saftles et al., 1987;
Burmeister, 1990; Blair et al., 1992; Franceschi et al., 1993;
Pesatori et al., 1994], but some of those studies only had a
small number of pancreatic cancer cases.



Results of our occupation-based analysis were consis-
tent with results of the JEM analysis, as well as with findings
in previous studies. We found that workers in occupations
with potential exposure to pesticides, such as farmers, farm-
related workers, food processing, and janitorial service
workers, also had increased risks of pancreatic cancer. The
excess risks remained unchanged after adjustment for some
known risk factors, such as smoking, alcohol drinking, and
social-economic status. Although these increased risks may
be explained by other chemical agents or even by chance,
pesticides may be potentially hazardous agents among
workers in these occupations [Nigg et al., 1990].

In this study, the increased risks associated with expo-
sures to fungicides and herbicides, but not to insecticides,
were not compatible with the results of previous DDT-
related studies. It is premature to conclude that pesticides
are involved in the development of pancreatic cancer or that
exposures to fungicides and/or herbicides may play a more
important role than insecticide exposure. Nevertheless, our
results add support to the evidence that pesticides may be
related to pancreatic cancer.

Although an association between pesticide exposure
and pancreatic cancer has not been established in human
studies, pesticides have been shown to be carcinogenic in
laboratory animals [Zahm et al., 1997]. Some pesticides are
themselves genotoxic agents, which cause gene mutation or
DNA rearrangements. Other pesticides, notably the organo-
chlorines: DDT; chlordane; and lindane, are tumor promo-
ters in animals. The phenoxyacetic acid herbicides can
induce peroxisome proliferation which is related to carcino-
genesis in rodents. Some organochlorines enhance human
tumor development by mimicking the hormonal effects of
estrogen; while other pesticides linking to human carcino-
genesis may also be altering immune function [Dich et al.,
1997; Zahm et al., 1997]. Although no biological mechan-
isms for pesticide carcinogenicity were studied specifically
for pancreatic cancer, a Spanish case—control study found
that elevated serum organochlorine levels were associated
with K-ras mutations in pancreatic cancer [Porta et al.,
1999].

The increased risk for other occupations observed in
our study may provide clues to environmental causes of
pancreatic cancer. The increased risks for pharmacists and
licensed practical nurses have been previously reported
[Kenan et al., 1999]. The high risks for mechanics and
repairers/metal and plastic processing machine operators/
tenders in our study were consistent with findings from
some previous epidemiologic studies [Milham, 1976;
Maruchi et al., 1979; Mallin et al., 1986; Silverstein et al.,
1988; Siemiatycki et al., 1991; Ji et al., 1999]. Workers in
these occupations could be exposed to a variety of industrial
agents, including solvents, cutting oils, and metals. The
excess risks of pancreatic cancer for electrical and ele-
ctronic workers (e.g., electrical and electronic engineering
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technologists and technicians; electrical repairers, commer-
cial and industrial equipment workers; and power plant/
system operators) have been also reported in previous epi-
demiological studies [Mack and Paganini-Hill, 1981; Mallin
et al., 1989; Tynes et al., 1992; Yassi et al., 1994; Ji et al.,
1999]. A mortality study in Canada found an excess for
pancreatic cancer among transformer manufacturing work-
ers who were extensively exposed to PCBs [Yassi et al.,
1994], but the evidence is still insufficient.

Our study suffered from weaknesses that are typically
found in case—control studies of occupation and cancer.
First, small numbers of exposed subjects reduced the power
to identify increased risks for specific occupations by race
and gender, despite the large size of our study. Collapsing
occupational sub-categories into broad categories may have
diluted the risk estimates by combining jobs with and with-
out hazardous exposures. Second, only information on usual
occupation was available for analysis. Although missing
short-term occupations may decrease sensitivity of exposure
assessment, it typically does not reduce the specificity
[Kauppinen et al., 1995]. Thus, if there is an effect of usual
occupational exposure, it should be apparent. Third, since
the JEM was based exclusively on the experience pertaining
to the usual occupation instead of the subject’s total expo-
sure, some misclassification of exposure was likely to have
occurred. Lack of information on year of employment in the
usual job also weakens the accuracy of the exposure assign-
ments in the JEM, because type and level of exposure
changes with calendar time. The misclassification due to
exposure assessment is likely to be non-differential and
would tend to bias estimates towards the null. Last, since we
only collected data on usual occupation and its duration,
there are no data available on timing of the exposures. Thus,
we could not examine risks by time period before the cancer
occurred or since DDT was banned in 1979.

Our population-based case~control study has a number
of strengths. First, the large number of cases and controls
made it possible to evaluate risks of pancreatic cancer by
detailed occupational categories. Second, unlike many other
studies of pancreatic cancer, employment histories were
obtained from direct interviews with the subjects rather than
from next of kin, increasing the accuracy of information on
usual occupation. Third, all risk estimates were controlled
for the potential confounding effects of smoking and other
risk factors (e.g., alcohol drinking, diet, and income).
Finally, the JEM for pesticide exposure was specifically
developed for this study population. Thus, it more closely
reflects occupational exposure to pesticides in our cases and
controls than a JEM developed for some other purpose, as is
typical in case—contro] studies of occupation and cancer.

In conclusion, this population-based case—control study
of pancreatic cancer in the three areas of the United States
suggests a modest increased risk for occupational exposure
to pesticides, particularly fungicides and herbicides, and for
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workers employed in some pesticide-exposed occupations.
Our findings add support to the evidence that pesticides may
play a role in human pancreatic carcinogenesis. It does
appear to be important to disentangle effects of different
classes and specific kinds of pesticides on pancreatic cancer
risk in the future studies.
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